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Brief Summary of the Indention 

The present invention relates to a novel peptidomimetic compound N-6-(5 guanidino r heptyi)-2, 6 
diamino-hexanoic acid having the same integrin-binding activities as Arg-Gly-Asp (RGD)- 
containing synthetic peptides, but are very stable to proteolytic degradation in comparison to 
proteolytically unstable peptides. Thus, this novel non-peptide mimetic would have the broad 
therapeutic utility of the RGD peptides and have higher stability and therapeutic efficacy. This 
RGD peptide mimetic also is very simple to synthesize in comparison to the state-of-the art in 
the design and synthesis of RGD peptide mimetics. Hie structural formula of this compound 
(RGD mimetic) is as follows with the native RGD peptide sequence (RGD) as a reference: 



Possible commercial applications of this invention include biopharmaceuticals for treatment of a 
vast number of diseases/pathologies including tumor growth, cancer metastasis, thrombosis, 
occlusive cardiovascular disease, osteoporosis, retinopathy, renal failure, and wound healing. 
This invention could also be utilized as cell attachment substrates for cell culture and biomaterial 
implant applications. 

Detailed description of the invention 

Background Information- Cell adhesion to both natural and synthetic substrates is 
mediated by cell adhesion proteins which are secreted by cells in tissues and are present in the 
extracellular matrix in vivo (Grinnell, 1978; Hay, 1981), Cell adhesion proteins are immobilized 
in the matrix by virtue of a high affinity interaction with major structural components of the 
extracellular matrix (ECM), such as collagens and proteoglycans. Examples of this family of 
adhesive proteins include fibronectin (FN), vitronectin (YN), collagens, thrombospondin, von 
Willebrand factor (vWF), elastin, and laminin (LN). Cell adhesion to synthetic surfaces is also 
mediated by cell adhesion proteins (Grinnell, I976a,b; Horbett & Schway, 1988). In this case, 
cell adhesion proteins which are dissolved in the fluid (such as culture medium or body fluids) 
adsorb to the material surface and support cell adhesion and spreading. Several classes of cell- 
surface receptors have a high affinity for these cell adhesion proteins, and it is by this affinity 
that ceils adhere and spread on the ECM and synthetic substrates (Pearlstein, 1976; Kleinman et 
al, 1976; Juliano, 1987), Some cell adhesion receptors recognize and bind to a select group of 
adhesion proteins, whereas other more promiscuous receptors bind to a wide variety of adhesion 
proteins. Fibronectin was the first cell adhesion protein that was shown to be involved in the 




(RGD mimetic) 




(RGD) 
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adhesion of cells to extracellular substrates (Pearlstein, 1976; Kleinman et al 1976). In vitro, 
fibronectin is available from the serum in a form historically known as cold-insoluble globulin 
and now referred to as plasma fibronectin. For normal attachment and spreading to occur, 
plasma fibronectin must be adsorbed to the culture surface (Grinnell, 1976 a,b). 

In order to determine the molecular basis of cell adhesion and related cellular activities, 
several laboratories employed the technique of limited proteolysis to isolate cell-adhesive 
domains in fibronectin (Hahn & Yamada, 1979; Ruoslahti & Hayman, 1979; McDonald & 
Kelley, 1980; Sekiguchi & Hakomori, 1980; Ehrismann et al., 1981; Hayashi & Yamada, 1983). 
Assignment of cell-binding activity was based on assays measuring fibroblast attachment or 
spreading on fragment-coated substrates. Exhaustive peptic cleavage of a 120 kD fibronectin 
cell-binding fragment and evaluation of the cleaved subfragments revealed a 108 amino acid 
11.5 kD fragment that supported cell adhesion (Pierschbacher et al, 1982). Prom analyses of 
four synthetic peptides that together spanned the entire 11.5 kD fragment, one active site was 
localized to a 3.4 kD polypeptide at the C-tenninus of the 11.5 kD fragment (Akiyama et al, 
1985a). Systematic testing of progressively smaller synthetic peptides, which were based on the 
3.4 kD polypeptide sequence, subsequently identified a short determinant that now appears to 
represent the minimal active sequence within this region of fibronectin. The active site contains 
the tetiapeptide Arg-Gly-Asp-Ser (RGDS) (Pierschbacher & Ruoslahti, 1984a; Yamada & 
Kennedy, 1984). The biological interaction of die RGDS sequence with cell-surface fibronectin 
receptors was revealed by demonstrating that synthetic RGDS -containing peptides in solution 
could competitively inhibit fibroblast cell spreading on fibronectin-coated substrates 
(Pierschbacher & Ruoslahti, 1984a,b; Yamada & Kennedy 1984, 1985; Akiyama & Yamada 
1985b; Hayman et aU 1985a; Horwitz et al., 1985; Silnutzer & Barnes, 1985). Soluble RGDS 
also inhibited the direct binding of radiolabeled fibronectin to fibroblastic cells in suspension 
(Akiyama & Yamada 1985c), These competition studies indicated that the RGD sequence is 
critical for the cell adhesive function of the parent molecule. 

After die RGD cell adhesion recognition site in fibronectin was identified, the sequences 
of other cell adhesion proteins were examined for related signals. Other proteins known to carry 
functional RGD sequences include the platelet adhesion proteins fibrinogen and von Willebrand 
factor (Gartner & Bennett, 1985; Ginsberg et al. y 1985; Haverstick et al., 1985; Plow et al, 
1985; Rugged et al, 1986), type 1 collagen (Dedhar et aU 1987), vitronectin (Hayman et al, 
1985b; Suzuki et al., 1984), osteopontin (Oldbeig et al., 1986), and laminin (Grant et al, 1989). 
These findings imply that RGD is a ubiquitous cell adhesion signal. 

Isolation of RGD-directed cell-surface receptors for various cell adhesion proteins from 
many cell types was performed using affinity chromatography on Sepharose carrying the 
appropriate, covalently bound, adhesion protein* Cell-surface adhesion receptors from cell 
extracts were observed to specifically bind to these columns and were eluted with RGD- 
containing peptide solutions. The use of fibronectin as the affinity ligand yielded a receptor that 
was a heterodimer with a 160 kD a-subunit and a 140 kD fi-subunit (Pytela et al., 1985a, 1986). 
Similar affinity chromatography experiments have yielded distinct heterodimeric RGD-directed 
receptors specific for vitronectin (Pytela et al, 1985b) and a platelet receptor with affinities for 
fibrinogen and fibronectin (Gardner & Hynes, 1985; Pytela et al, 1986). It was realized that the 
heterodimeric structure was characteristic of RGD-directed receptors, with cc-subunits ranging 
between 140 and 160 kD and p-subunits ranging between 90 and 140 kD. These RGD receptors, 
known as integrins, form the integrin superfamily of cell-surface adhesion proteins (Hynes, 
1987; Ruoslahti & Pierschbacher, 1987). 
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Pierschbacher, 1987, AJbelda & BU **» ricricsdlv membrane-spanning heterodimenc protein 
1991; Tucker, 2002). Integrals are .^^^ a J hxjsi{s ^ 8 distinct ($ 
complexes consisting of a a subunit and a £ *™ i combinations have been 
subunits have currently been ^.^f^^^^^y are involved in cell 
observed. Integrin complexes containing P 1 and ^subun^ ge j adhesion, 
adhesion to the extracellular ^^^l^TZ^y. MammaUan cells 

^complement o^^^ ^c^ type" (Humphries, 1990), 

can express from two to ten j^ e ™ "^^^ ^al environment and responds to changes m 
and provide a means by which Ae od » ° ^gnns were initially identified as cell- 

extracellular matrix ^^..^Xe cySfeton to the extracellular matrix or to 
surface adhesion receptors mech ^ l y l Q ^f ^^Sg^Ung receptors implicated in the 

promoting cell-ECM ^f«*°£-*S^ 

ceUular events were regulated b '^^-^^^ contaming or mimicking the RGD 
growth, differentiation, and apoptosis Thus ^ reagents cot s are immobilized on 

^^mhloa^ whin m^ubtf^Su^S 1996). Therapeutic 
solid surfaces and inhibit cell aonesion wuc " _^: m ^Hr reacents include tumor growth, 

cancer metastasis, thrombosis, occlusive w««u RGD peptide surface coatings 

as Arg-Gly-Asp (RGD)-containmg synthetic P^s,MjrevW^ » n o tt - pep tide 
degradation in comparison to pioteolyticaUy ^£ ^^^^e stability 

sequence (RGD) as a reference: 
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vast number of diseases/patbologn* including JT"*"™^,, ^.u^ and wound healing. 



implant applications 

tw«-. ^crio tion of the preferred embodiments 



was utilized to prepare this RGD ^^S^^J^rbTfonnig an amide bond with 
scheme where resiivbW^ 

the e amine group on lysine with the " 5*^J°g^ sl 57Lol#15727-l) was soaked in 
(Fmoc)-Wan g Resin ^^^^f^f^,\^ 13815) for 30 rninotes to 
20% piperidine in DMF (Advanced ChemTech RW ^ DMF several times to 

swell and also to remove Fmoc group -J* "S^TjJ g) of Fmoc-Arg (Pbf)-OH (from 
remove all piperidine (at l^t 3 ^Jf^^uW^t of HATU (1.901 g) was prepared 
Advanced ChemTech, Cat#FR2136) ™ e 2 ( S5 DMF. (i equivalent=2.5 mmole), 
and was dissolved in 0.5 M DUsopropylemylaxnine > (DffEA) m DM* was added to 

2 equivalent 5 m mole) the to* volume of flte men washed with DMF to 

the washed resin and reacted for 45 in DM F was added to remove Fmoc 

remove residual unreacted Arg andHATU 20% allowed to stand for 30 min 
from resin-bound Arg alpha ammo groups, lleresmj (dichloromethane) to 

Slowed by these washes: a) ^^^^^^cu^o^eave the product from 
remove DMF. The resins were ^ R ^S 1(}978 ) containing triisopropylsUane and 
resin, TFA (Advanced ChemTech Cat# RA8402, LoWlO^ > product, N-6-(5 guanidino- 
ethanedithiol (95:2.5:2.5) was added and left for^ 4 . ^ etbe r and dried under vacuum 
heptyO-2, 6 mamino-hexanoic acid, was precipitated with ewer 

overnight 
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, a #„ T« vitro studies were undertaken to assess both the cell adhesive 
Experimental design- fa > vitro stooies w h l>2 6 dia mino-hexanoic acid 

properties of surface immobilized ^(5^^?^^^^.^^ of soluble 
(GHDHA) peptidonumetic ^^^foZL^Zt^ Sue-culture plastic utilizing 
GHDHA- GHDHA was covalendyin^bd^onde^i adhesion was on surface- 

methods that we have developed for ce 11 ••JJS.faSSiltad peptide GRGDSP. Other 
immobUized GHDHA and compared ^ GHDHA on cell adhesion to GRGDSP 

experiments were designed to ^^Z***^* Sited ia\Sin-RGD mediated cell 
to determine whether soluble G1 ^'ZC^X^^^ whether soluble, mtegrin- 

j^gjhotj 1 • SjgfiiSS im mobilir,ti on of GHDHA and GRGDSP , 

We recently reported a reduc*. 
glass surfaces and observed reduced cell ^f^.^/^^obilizing dextran to gas plasma- 
Sser et al has recently reported a amitar ^Xtr^db^ non-peptide 

activated polymer ^^.^^^e^oatoSue culture plastic dishes. Muiti- 
mimetic GHDHA and pepUde GRGMP o^exttan^oa^ poly-lysine. Dextran was then 
well cell culture dishes were first surface-anunated by ^° mg p > qhDHA and GRGDSP 
Mobilized on these ^"^^^ uSuelXe pSc using reported methods 
were then surface-iromob^ of the glucose subumts 

(Massia, 2001). Dextran-coated substrates were acu y bemiacetal structures. 

533£2S23£S£- * - - 

. . , . rtevtnm was oxidized to produce aldehyde groups via 

Periodate oxidation of dextran- Dextran J> ^ Sigma), lg, was first 

standard periodate methods (Wilson, 1976). Dextran 0 1M) was prepared for 
Solved in 30 ml deionized water f^^ 0 ^ g£; of Stran to^ake a 50% 
mediate use. This NaKU solution was ^^^^ reaction mixture was stirred at 
molar ratio of NaI0 4 to dextran mo ^f b f SctioS flask with aluminum foil. The 

4X overnight and protected from bght by ^? m ^,^ date ^ io date products using an 
solution was then purified by P™»P£* on °£ Z^SSL^SoaA dextran solution was then 
' eqm-molar aqueous solution of BaCh- The J™&f 0 ^ ^SOmL conical centrifuge tube 

ia:^ ssss^ * — *— a -* * 1700 

n^^^g the^dehyde groups within the dextran chain. 

ceU cutaHB dishes were first surrat^arrunared r>y IrTcwidrred dextran, prepared as 
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^Uced by tesk-ClM » luo °" ot J^'T^^S ^ ft. oxidfced dexttap chain. The 
» quench any free T^J**»*J£°!J flicker platform. The NaBft solution was 
— ^—^^1, UnL — — 

unbound dextran (Fig- 3). 



O-H O-H <^H . O-H 

c=o c=a Cso 9=0 



Poly-L-lysin* 



l_J L 



c=o c=o 9=0 

1 — L 



r 



j Tissue Culture Plastic ] 




— « r— o I 






I X= tissue culture plastic ) 



dextran and surface-bound amines. 



7 



Covalent Coupling of GRGDSP and GHDHA- Surface grafting of peptide GRGDSP and 
peptidomimetic GHDHA to dextran-coated substrates was achieved via previous reported 
methods (Massia, 2001). Dextran-coated substrates committed for peptide/peptidomimetic 
grafting were oxidized with 0.1M sodium periodate, for one hour at room temperature, to 
activate substrate surfaces for covalent immobilization of peptides (Fig. 4), following surface 
oxidation, samples were rinsed with deionized water and then peptide or peptidomimetic stock 
solutions (O.lmg/ml in 0.2M dibasic sodium phosphate, pH 9.0) were added to each sample well. 
A rocker table agitated the plates for 24h while being protected from light with a tin foil 
covering. Culture well substrates were decanted and rinsed with deionized water at the end of 
the 24b duration. Following peptide/peptidomimetic coupling, the substrates were incubated in 
dibasic sodium phosphate (0.2M, pH 9.0) containing 0.1M sodium borohydride, NaBRu to 
reduce Schiff bases formed and to quench any free unreacted aldehyde groups present The 
substrates were allowed to incubate for 2-3 hours on the rocker platform. The substrates were 
rinsed with PBS and immediately were employed for in vitro experiments (Fig. 4). 




NalQ 4 -J 
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i r-Nh 2 = 

• RGD peptide (GRGDSP=G!y- Arg«Asp- Ala-Ser-Pro) 

* Peptidomimetic 



Figure 4. Reaction scheme for the surface immobilization of peptides to dextran-coated tissue 
culture plastic surfaces. Dextran-coated materials were reactivated by periodate oxidation and 
peptides were covalently linked by reacting N-terminal amines with hemiacetal structures in 
oxidized surface-bound dextran. 

Method 2: Cell adhesion assays 

Cell Culture- The cell line utilized in these studies was 3T3 fibroblasts (ATCC #CRL-6476. 
3T3 cells were maintained in DMEM with 10% FBS at 37°C in saturated humidity. All cell 
culture media and reagents were obtained from Life Technologies, Inc. 

Cell Adhesion Assay- Cell area coverage assays were performed to assess the extent of 3T3 
cell adhesion and spreading on all substrates. 3T3 cells were seeded on 24-weil culture dishes 
(15,000 cells/well) and incubated for 24 hrs. Following incubation, samples were fixed (3.8% 
formaldehyde in PBS, 5 min) and (0.1% aqueous toluidine blue, 5 min). Stained cells were then 
examined using phase contrast or stereomicroscopy (Leica) at lOOx magnification. Three 
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random lOOx fields were selected for each substrate for analysis. -The extent of cell adhesion 
was determined for each captured digital image by calculating a percentage of cell area coverage 
using digital image analysis software. Final data was > presented as a percentage of control 
adhesion. The percentage of control adhesion was calculated by multiplying the ratio of % area 
coverage on dextran-coated, peptide-grafted, or peptidomimetic-grafted substrates to % cell area 
coverage on untreated tissue culture plastic by 100. The average percentage of control adhesion 
was determined from duplicate independent experiments. Comparisons between samples groups 
were made using ANOVA. ^ 

Cell Adhesion Inhibition Assay- This assay was performed using methods described in "Cell 
Adhesion Assay". Cells were seeded on 24-well culture dishes and incubated for 24h. One. 
group of cells seeded on RGD peptide-grafted substrates contained O.lmg/ml soluble 
peptidomimetic in the culture medium. Another group was seeded on peptidomimetic-grafted 
substrates in the presence of O.lmg/ml soluble RGD peptide in the culture medium. The other 
two groups were seeded on RGD peptide or peptidomimetic substrates without soluble peptide or 
soluble peptidomimetic. The percentage of control adhesion was determined as described in 
"Cell Adhesion Assay". The average percentage of control adhesion was determined from 
duplicate independent experiments. Comparisons between samples groups were made using 
ANOVA. 

Enzymatic Stability of RGD peptide and RGD peptidomimetic in solution- GRGDSP and 
GHDHA were mixed with trypsin solution in HEPES buffer (10 mM, PH=8) to a final solution of 
0.5 mM peptides and 0.05 mM (0.12%) of trypsin and incubated at 37 °C for 1 hour. As control 
experiment, both peptides were dissolved in the same buffer without trypsin at the same final 
concentrations and incubated at 37 °C for 1 hour. Similarly* in another set of experiment the 
same samples were incubated at room temperature overnight At the end of incubation period, 
trypsin activity was quenched by adding inhibitor and samples were analyzed by Fly Zone Mass 
Spectrometry to assess the extent of degradation. 

Results 

Cell Adhesion-Promoting Activity of RGD Peptidomimetic GHDHA- Ceil culture well 
surfaces were coated with covalently immobilized GRGDSP peptide or RGD peptidomimetic N- 
6-(5 guanidino~heptyl)-2, 6 diamino-hexanoic acid GHDHA using surface chemistry described 
in Method 1. Cell adhesion on each substrate was determined as described in Method 2. Surface 
immobilization of dextran on tissue culture wells significantly reduced adhesion and spreading of 
all cell types (Fig. 5; 0.017±0.03 % control). Surface immobilization of GHDHA 
peptidomimetic promoted extensive cell adhesion and spreading (Fig. 5; 105.9±12.8% control) 
comparable to substrates containing surface grafted GRGDSP peptide (Fig. 5; 1243±4.l% 
control). These results demonstrate the cell adhesion promoting activity of GHDHA 
peptidomimetic. 

Inhibition of Cell Adhesion to Surface Grqfted RGD Peptide by RGD Peptidomimetic 
GHDHA- Soluble ligand competition experiments were performed to demonstrate integrin- 
binding activity of the GHDHA peptidomimetic. Soluble GHDHA peptidomimetic (O.lmg/ml) 
completely inhibited cell adhesion and spreading on surface-immobilized GRGDSP peptide 
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this figure, there is a sharp decrease (73% > m jeak m» ai were observed 

In contrast, no sigmf.cant chang^ m &e mass peak * 303 of th^ ^ ^ 

after trypsimzation for l h at 3 7 Cff^OJJJ be seen m Flg . 9 , a further decrease in 

degradation. 
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the 588 mass peak of the peptide GRGDSP 
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Figure 8. Mass spectrometry of A) ROD peptide mimetic .QUA ^J^^gSt 
(«S intensity = lTx 10 4 ) and B) after trypsm exposure (lh, 37 C) (peak mtensity 
Narrows indicate the 303 mass peak of the ROD pephde mimetic. 
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Docket No. ASU3061 MassiaetaL 

We claim: 

t. An integrin-binding RGD peptide mimetic compound having the formula N-6-(5 
guanidino-heptyl)-2,6 diamino-hexanoic acid. 

2. The solid phase process of preparing the RGD peptide mimetic compound of Claim 1 
comprising the steps of: 

a. supplying a resin comprising immobilized lysine; 

b. contacting said resin with the precursor of the compound of Claim 1 wherein 
said precursor comprises arginine, under conditions whereby the 8 amine group on lysine 
forms an amide bond with the a carboxy group in said arginine; 

c. cleaving said amide from said resin; and 

d. recovering said compound. 

3. The integrin-binding RGD peptide mimetic of Claim 1 immobilized on a solid surface. 

4. A method of binding the RGD peptide mimetic of Claim 1 to a solid surface 
comprising the steps of: 

a. coating said surface with dextran; 

b. oxidizing said dextran; and 

c. contacting said oxidized dextran with said RGD peptide mimetic under 
conditions whereby said RGD peptide mimetic binds to said dextran coated surface. 

5. A method of promoting integrin-mediated cell adhesion to a surface comprising the 
step ofummobilizing the RGD peptide mimetic of Claim 1 on said surface prior to 
contacting said surface with said cells. 

6 A pharmaceutical composition comprising the RGD peptide mimetic of Claim 1. 

7. A method of inhibiting integrin-mediated cell adhesion and spreading on a surface 
comprising the RDG peptide, comprising the step of contacting said integrin with a 
solution containing the RDG peptide mimetic of Claim 1 prior to contact with said 
surface. 

8. A method of treating a patient for diseases characterized by excessive integrin- 
mediated cell adhesion comprising the step of contacting said patient with an effective 
amount of the RGD peptide mimetic of Claim 1 in soluble form. 

9. The method of Claim 8 wherein said disease is cancer metastasis, tumor growth, 
thrombosis, occlusive cardiovascular disease, osteoporosis, retinopathy, renal failure, 
inflammation, infection or wounds. 

10. Biomedical implant material comprising the compound of Claim 1. 
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